Maintaining the consistency of genomic annotations is an increasingly complex task because of the iterative and dynamic nature of assembly and annotation, growing numbers of biological databases and insufficient integration of annotations across databases. As information exchange among databases is poor, a 'novel' sequence from one reference annotation could be annotated in another. Furthermore, relationships to nearby or overlapping annotated transcripts are even more complicated when using different genome assemblies. To better understand these problems, we surveyed current and previous versions of genomic assemblies and annotations across a number of public databases containing long noncoding RNA. We identified numerous discrepancies of transcripts regarding their genomic locations, transcript lengths and identifiers. Further investigation showed that the positional differences between reference annotations of essentially the same transcript could lead to differences in its measured expression at the RNA level. To aid in resolving these problems, we present the algorithm 'Universal Genomic Accession Hash (UGAHash)' and created an open source web tool to encourage the usage of the UGAHash algorithm. The UGAHash web tool (http://ugahash.uni-frankfurt.de) can be accessed freely without registration. The web tool allows researchers to generate Universal Genomic Accessions for genomic features or to explore annotations deposited in the public databases of the past and present versions. We anticipate that the UGAHash web tool will be a valuable tool to check for the existence of transcripts before judging the newly discovered transcripts as novel.
Introduction
Recent advancement in next-generation sequencing (NGS) has resulted in the ability to identify novel transcripts directly from sequencing data [1] . These advancements have been particularly useful to study long noncoding RNAs (lncRNAs), which outnumber protein-coding genes and have tissue-specific expression patterns [2] [3] [4] . Generally, when lncRNAs are discovered via NGS, they are often reported as 'novel transcripts', although their actual presences are not checked thoroughly in public databases (e.g. ENSEMBL, Entrez Gene). The accuracy of transcript annotation is hampered by checking for the existence of the identified transcripts among the different databases and among different versions within the same database. Furthermore, the number of protein-coding genes in the ENSEMBL human reference annota-tion has been decreasing over time, while the number of lncRNAs is increasing [2] . A reference annotation from another source, such as an older version of the National Center for Biotechnology Information's (NCBI) RefSeq or LNCipedia [5] that contains annotations from ENSEMBL versions 64, 68 and 75 [5] , could contain lncRNAs that fall within the intergenic regions of an ENSEMBL reference annotation. However, this lncRNA could have been previously deleted, moved or had its biotype changed during the version updates from a protein-coding gene to lncRNA. Additionally, as the number of lncRNAs known to the public increases, the relation between lncRNAs and protein-coding genes becomes obscure [6] . Although the basic definition of lncRNA is any noncoding transcript >200 nucleotides, many protein-coding genes have isoforms that are not translated into proteins, such as 'nonsense_mediated_decay', 'nontranslating_CDS' and 'non_stop_ decay' in the ENSEMBL database (http://www.ensembl.org/info/ website/glossary.html). Thus, one should consider the historical record of annotations when moving from one annotation source to another but also keeping a track of proper mapping of current annotations.
Mapping of accession numbers of sequence features across various resources is a challenging task in bioinformatics. Mapping is typically carried out using a table of equivalences among accessions between two databases. This works well when a 1:1 equivalence of each accession is accurately assigned. However, a problem starts to arise as databases become out of sync with one another and the 1:1 relationships between two databases break down [7] . For example, by including experimental validations, the GENCODE project [8] is regarded as having gene annotations with the highest quality, while other databases (e.g. NONCODE [9] , LNCipedia [5] ) use less-stringent annotation standards, allowing for more sensitivity in detection of lncRNAs. When the numbers of human lncRNA transcripts are compared, GENCODE reports 27 817 human lncRNAs (GRCh38, Version 23 March 2015 freeze/ENSEMBL 81), whereas much higher numbers of lncRNAs are annotated in NONCODE and LNCipedia (95 135 and 111 685 lncRNAs, respectively; accessed on 8 August 2015). With such differences in the numbers of lncRNAs, it is impossible to make a 1:1 relationship for each lncRNA between GENCODE and NONCODE. Another set of complicating factors stems from the databases themselves. A large number of databases means the relationships among some databases are not easily accessible, leaving a user who wishes to compare these databases to rely on a self-made homology mapping or to apply multiple rounds of ID conversions by creating an intermediary ID system with mappings to the desired databases. Another potential source of problems is the design of the accession numbers themselves. Accessions are alphanumeric or numeric strings that serve as unique identifiers for a set of related information. The uniqueness of an accession is usually guaranteed by incrementing the largest accession by one when creating a new entity. However, care must be taken for creating such accession system. For example, simply using a numeric string can cause confusion regarding the origin of an accession itself. Thus, most accession numbers today use a prefix to indicate the source of an accession. For example, the ENSEMBL database uses the 'EN' prefix (e.g. ENSG00000139618), while the 'NON' prefix (e.g. NONHSAT200001) is used for the NONCODE database.
In this study, we discuss the problems of multiple accessions for the same transcript across various databases focusing on novel transcripts identified via NGS. To help solve these problems, we propose a 'distributed' accession system based on cryptographic hash functions [10] . Cryptographic hash functions are a class of functions that accept an arbitrary-sized input and deterministically return a seemingly random, fix-sized alphanumeric string (or 'hash') (i.e. the same input always returns the same output). Each hash conforms to the following three rules: (i) calculating the hash must be computationally simple, (ii) it is computationally difficult to infer the original input value from the hash and (iii) it is unlikely that two inputs will have the same hash. Using cryptographic hash functions, we created an accession system for genomic features, where entities can be created independently, without knowledge of other entities, while maintaining consistency. This new accession system is called 'Universal Genomic Accession Hash (UGAHash)'. To encourage the usage of the UGAHash algorithm, we offer a python implementation of the UGAHash algorithm (https://bitbucket.org/tweir ick/ugahash) and introduce the UGAHash web tool (http://uga hash.uni-frankfurt.de).
Methods

Parsing gene transfer format and general feature format files
While the basic formats of gene transfer format (GTF) and general feature format (GFF) files are fairly generalized, handling historical differences and nonstandard attributes were a hindrance to this study. We solved this problem by creating a program called 'GFFToJSON' (https://bitbucket.org/tweirick/ gfftojson), which converts a GFF file to a standard JSON [JavaScript Object Notation (https://tools.ietf.org/html/rfc7159)] formatted file, using a template that describes how to parse the target GFF. Documentation and examples for using GFFToJSON are provided as Supplementary Note. Compared with other data-interchange formats (e.g. Extensible Markup Language), JSON can easily be parsed directly into a data structure in most computer languages. The GFFToJSON method confers several advantages, including handling of formatting variations among various data sources without modifying the parsing program, standardization of file format via JSON and reduced file size.
Creation of the UGAHash web tool
To study the changes of annotations overtime and among reference annotations, a relational database containing annotations for a variety of databases and their previous versions was created using MySQL version 5.5. The database contains four types of data: (i) 'sequence', which contains a Universal Genomic Accession (UGA) and its corresponding genomic location; (ii) 'sequence relationships', which describe the relationships among sequences, such as which transcripts or exons belong to a gene; (iii) 'sequence sets', which contain information about reference annotations, such as the source name, version, assembly, etc.; and (iv) 'sequences set relations', which map sequences to sequence sets. A visualization of the database schema can be found in Supplementary Note. To facilitate the acceptance of the UGAHash algorithm and to allow accessing the data stored in the database, the UGAHash web tool was built. The UGAHash web tool was created using the Django web framework version 1.8.2 and MySQL version 5.5. In the case of cross assembly comparison, CrossMap (version 0.1.3) was used. The UGAHash web tool can be accessed freely at http://ugahash.uni-frankfurt.de and will be continuously maintained and updated. The list of public databases currently included in the UGAHash web tool is shown in Table 1 . Additional databases and updates can be added on request, provided that a GFF file of the annotations requested exists. The UGAHash web tool is open sourced under the MIT license; meaning that anyone is free to copy, modify and host his/her own instances of the UGAHash web tool. The source code for the UGAHash web tool can be found at https:// bitbucket.org/tweirick/ugahash.
Checking for transcript existence across varying sources and versions
To check for the existence of so-called 'novel transcripts' in other references, the set of all novel intergenic transcripts from our previous study [1] was compared with annotations located within the UGAHash system. This analysis was restricted to novel intergenic transcripts (that is, located in between two known transcripts) to avoid the difficulty of comparing differential splicing patterns of known transcripts and their novel isoforms. Because the majority of lncRNA annotation references use hg19, the novel isoform transcripts were mapped from GRCh38 to hg19 using CrossMap (version 0.1.3), and annotations mapped to GRCh38 were excluded. This resulted in the transcripts being compared with the following five reference sources: ENSEMBL (versions 55-75), LNCipedia, NCBI RefSeq (versions 103-105), NONCODE and the long intergenic noncoding RNAs (lincRNA) catalog (http://www.broadinstitute.org/genome_bio/human_lincr nas/?q¼lincRNA_catalog). In this study, 'lncRNAs' are assigned to all lncRNAs whose biotypes are described by the ENSEMBL database (http://www.ensembl.org/Help/Glossary?id¼275) as follows: '3prime_overlapping_ncrna', 'ambiguous orf', 'antisense', 'antisense RNA', 'lincRNA', 'macro_lncRNA', 'ncrna host', 'non_cod-ing', 'processed_transcript', 'retained_intron', 'sense_intronic' and 'sense_overlapping'. The term 'lincRNAs' describe lncRNAs that are located between protein-coding genes on the genome. An overlap was counted when a novel sequence positionally overlapped with an annotated sequence on the same strand of the genome.
Investigating positional differences among genome annotations
To investigate differences in genomic coordinates of transcripts, we compared the most recent and chronologically closest human annotations between the ENSEMBL and NCBI RefSeq databases. These are ENSEMBL version 79 and NCBI 107; both were released in March 2015 and use the GRCh38.p2 genome assembly. The cross database relationships were obtained using ENSEMBL's Biomart version 79 (http://mar2015.archive.ensembl. org/index.html). Matching and mismatching transcripts were separated using the UGAHash database by comparing the UGAs stored for each accession. UGAs were used as a shortcut for the comparison of all exon boundaries of a given transcript, as matching UGAs indicate the exact match for the genomic coordinates of all exon boundaries. When an ENSEMBL accession number mapped to multiple NCBI accession numbers, one of the following two decisions were made: (i) if an exact match was found, the corresponding accession was used, or (ii) if not, the transcript with closest start and stop positions was used.
Analysis of RNA-seq data
RNA-seq data from 12 human tissues [11] was pseudo-aligned using Kallisto (http://pachterlab.github.io/kallisto/) version linux-v0.42.3 with default parameters. A guided assembly using TopHat [12] (version 2.0.11) and Cufflinks [13] (version 2.2.1) was performed with default parameters. For the Kallisto pseudoalignments, two indexes were built: one using ENSEMBL version 79 cDNAs (ftp://ftp.ensembl.org/pub/release-79/fasta/homo_ sapiens/cdna/Homo_sapiens.GRCh38.cdna.all.fa.gz) combined with ENSEMBL 79 ncRNAs (ftp://ftp.ensembl.org/pub/release-79/ fasta/homo_sapiens/ncrna/Homo_sapiens.GRCh38.ncrna.fa.gz) and the other with NCBI 107 RNAs (ftp://ftp.ncbi.nih.gov/gen omes/Homo_sapiens/RNA/rna.fa.gz). Two rounds of pseudoalignments were performed for each of the 12 human tissues; one using the ENSEMBL index and the other using the NCBI index. Each pseudo-alignment was performed as a paired-end alignment using Kallisto's default parameters, and the expression values were calculated in 'transcripts per million (TPM)'. For the TopHat and Cufflinks guided assembly, the GFF files for human ENSEMBL version 79 and NCBI version 107 were used, and the expression values were calculated in 'Fragments Per Kilobase of transcript per Million mapped reads (FPKM)'. If no expression was found for a given transcript, its expression was considered as '0'. Instances of zero expression for the same transcript and RNA-seq sample in both ENSEMBL and NCBI data sets were excluded.
Results
Survey of annotation strategies for databases containing lncRNAs
Currently, there are several databases that contain human lncRNAs (Table 2) , which are generally run either by wellfunded consortia (e.g. ENSEMBL, NCBI) or by individual bioinformatics laboratories (e.g. DeepBase [14] , LNCipedia [5] , NONCODE [9, 15, 16] ). Databases created by large well-funded consortiums have long-term mandates for the annotation of all sequence features and for the inclusion of only established sequence features. In most cases, these databases are updated frequently. Furthermore, their annotations are generally based on experimental evidences and/or are manually evaluated by experienced scientists to ensure high quality. GENCODE/ENSEMBL is a great example of this, having the most stringent criteria to define lncRNAs while maintaining a large amount of annotated lncRNAs and providing fast release cycles. The smaller, single laboratory-run databases have greater organizational agility and are usually created to quickly adapt to include newly discovered findings regarding lncRNAs. For example, the first version of NONCODE was published in 2005 [15] , whereas lncRNAs were not included in ENSEMBL annotations until version 55, which was released in July 2009 (ftp://ftp.ensembl.org/pub/re lease-55/gtf/homo_sapiens/). Another more recent example is DeepBase [14] that includes circular RNAs [17] , which are not well annotated in ENSEMBL and NCBI databases. Generally speaking, the smaller databases often include higher numbers of lncRNAs with lower-confidence annotations and typically have slower update cycles. A good example is LNCipedia [5] , which contains far more lncRNAs than the ENSEMBL database During the versioning process, MD5 hashes of the transcripts are compared. If the hashes are equal, the transcripts are considered to be equal. When the hashes do not match (e.g. in the case of a small change in the exon structure), the stable ID is incremented by adding one to the integer following the period at the end of the id (e.g. ENST00000380152.7; http://www.ensembl.org/info/gen ome/stable_ids/versions.html). In the case of a dramatic change to the transcript, a new stable ID will be assigned (http://www. ensembl.org/info/website/archives/index.html). Figure 1 shows the numbers of newly added, deleted and remaining stable IDs for lncRNA ( Figure 1A ) and protein-coding transcripts ( Figure 1B) . Interestingly, stable IDs are often removed in considerable amounts for both lncRNA and protein-coding transcripts. This does not necessarily mean that these transcripts have been removed-such as in version 64, it appears many mRNA's biotypes were changed to lncRNAs, prompting stable ID reassignment-but this, at least, indicates the transcript changed enough for a new stable ID to be assigned. Unstable identifiers among different annotation versions could be of assembly errors; thus, they have to be evaluated with caution. Taken together, it is essential to check the existence of transcripts in databases other than the GTF/GFF file being used to annotate the read sequences to define novel transcripts.
Existence of multiple related accessions deposited across various databases
Previously, we reported the existence of novel transcripts across 12 human tissues [1] , which were found using a guided assembly via Cufflinks [13] , using the ENSEMBL version 77 reference annotation. Here, we revisited our previous study to cross-check their presences in major public databases. Figure 2 shows overlaps of previously identified novel lincRNAs (located between two protein-coding genes and do not map to the known protein-coding genes in ENSEMBL version 77 as novel isoforms of protein-coding genes; 101 451 lincRNAs) to the lincRNA catalog, LNCipedia and NONCODE as well as older the versions of NCBI RefSeq and ENSEMBL using the hg19 genome assembly. Interestingly, 13.3% of the previously identified novel lincRNAs (13 457 of 101 451 novel lincRNAs) can be identified as annotated transcripts on the same strand in one or more public databases and/or older version of the ENSEMBL annotation. This suggests many lincRNAs that we previously identified as novel are unlikely to be new transcripts, as they have been deposited as known lincRNAs in public databases other than the ENSEMBL database. However, it is possible that some of these transcripts are erroneously assembled in the ENSEMBL version 77 (the GTF file that we used to annotate these transcripts), which prompted their initial inclusion and removal from the later annotation versions of the ENSEMBL database. In conclusion, it is essential to consider potential assembly errors and deposition of the same transcripts in databases other than the GTF/GFF file being used to annotate the read sequences before defining novel transcripts.
Differences in genomic positions of the same transcript among references
While surveying the different versions of annotations provided by public databases, we noticed positional differences on the human genome for the same transcript among different databases. To illustrate this point, genomic coordinates of positionally mismatched transcripts (based on their start and stop positions) were compared between the ENSEMBL version 79 and the NCBI version 107 ( Figure 3A) . While the majority of sequences fall close to or near to the zero-axis-indicating difference in interior exon structure-many still have substantial offsets. If the start and stop positions of a transcript were altered with the same base pairs, such transcript should have the same distance difference between the ENSEMBL and NCBI databases for both start and stop positions; in other words, the data point for this transcript should lay on the 45-degree regression line in Quadrants I and III of scatter plots. However, it is rare to find transcripts with such even distance differences. When these coordinate differences were examined closely ( Figure 3B ), there are more differences in Quadrants II and IV than Quadrants I and III, which indicate increasing or decreasing length of a transcript. Furthermore, these two types of quadrants present different concerns. While Quadrants I and III could be a result of confused sequence alignments, Quadrants II and IV could cause a problem in the estimation of gene expressions when the length of the transcript is used to normalize the read counts as in the case of FPKM values. For example, when exons of EHF-004 were examined via a genome viewer ( Figure 3C ), there were significant differences in lengths among 3 0 untranslated region of the corresponding transcript ENSEMBL (ENST00000531794) and NCBI (NM_001206616) databases, which will be large enough to alter expression values from RNA-seq data when normalized (e.g. FPKM, TPM). The above trends highlight the need for an improved method for mapping and relating sequence accessions among public databases.
Propagation of uncertainty from analogous sequences with differing annotations
The calculation of RNA-seq expression values often relies on both sequence length and mapping of reads to the reference [18] . We extended this study by mapping sequence reads from 12 human tissues [11] to the reference annotations from ENSEMBL version 79 and NCBI 107. Both reference annotations were built from the GRCh38.p2 genome assembly. When the matched transcripts were separated into sets of exactly matching primary sequences ( Figure 4A ) and those with differences in their primary sequences ( Figure 4B ; terms 'mismatches'), there are significantly more differences in expression values (calculated as TPM) in mismatches than those of exact matches. The similar trends can be seen when the same analysis was repeated using FPKM values, which were calculated by the TopHat and Cufflinks guided assembly ( Figure 4C and D) . These findings should be noted highly, as such differences need to be considered carefully when comparing the expression values of RNA-seq data across different annotations being used. Furthermore, there were slight differences in lengths in the FASTA files obtained from the ENSEMBL and NCBI for the same transcript. In most cases, such differences are small, but one should keep in mind about the true definition of references that being used in the analysis of RNA-seq data. 
Development of UGAHash algorithm
Given the above situations related to the annotation of lncRNAs, we propose a new strategy to annotate transcripts using a cryptographic hash algorithm [10] called 'UGAHash'. UGAHash was designed as an abstract method for providing unique accession numbers called 'UGAs' for genomic features without the knowledge of other genomic features. In other words, UGAs can be created for nearly any genomic feature, from a chromosome to a single nucleotide polymorphism (SNP). This could be important for emerging classes of lncRNAs, such as circular RNAs that are just beginning to be included in public databases. Furthermore, UGAs can be created for abstract sequence features, such as conserved regions described in our CIt-Loci database [19] . Because UGAs do not require the prior knowledge of database contents, a new database can be created using UGAs to provide consistent and nonconflicting accession system. UGAHash requires four arguments: (i) sequence type, (ii) assembly, (iii) chromosome and strand and (iv) a tuple of start and stop sites ( Figure 5A ). The sequence type denotes the type of sequence described by the corresponding accession. Currently, single uppercase characters are allowed, but there is no restriction on the length or composition of the identifiers outside of being Uniform Resource Locator (URL)-safe and containing no underscores. The assembly indicates the organism and assembly that the sequence coordinates map to (e.g. hg19 or GRCh38) without any restriction on length for the accession name. The chromosome is the name of the chromosome on which the sequence is located without the 'chr' prefix. Finally, a tuple of sequence start and stop sites includes either a single set of points (e.g. genes or exons) or a list of exon start and stop sites for a transcript. Examples of UGAs are shown in Figure 5B . A UGA is composed of four parts: (i) the U denoting a UGA, (ii) a string describing the sequence type followed by an underscore, (iii) the assembly the genomic coordinates map to and (iv) the MD5 hash of the sequence coordinates encoded in URL safe base64 (i.e. using 'À' for 'þ' and '_' for '/' in the standard base64 alphabet). In principle, by using UGAHash, it is possible to describe from whole chromosomes to genes and down to SNPs.
To facilitate the usage of UGAHash, a web interface called 'UGAHash web tool' (http://ugahash.uni-frankfurt.de) was created. There are two ways to use the UGAHash web tool: (i) 'Hash and Search with GTF' (Figure 6A ) will generate UGAs and search public databases for known transcripts, and (ii) 'Search via Accession' ( Figure 6B ) will search for UGAs using accessions from other public databases. When a user has a list of GTF-or GFF-formatted genomic coordinates, click the 'Hash and Search with GTF' tab from the top page of the UGAHash web tool. Then, paste the list of genomic coordinates and select either the 'hg19' or 'GRCh38' genomic assembly. When the [Submit] button is pressed, the input genomic coordinates will be converted into UGAs and will be shown in the returned table along with the information on the existence of the features in all the public databases and database versions stored in the UGAHash web tool ( Figure 6C ). Each UGAHash shown in the 'Sequence Hash' field is hyperlinked to its corresponding sequence record page ( Figure 6D ), which contains the basic sequence information, links to external resources, relations to parent or child sequences and related sequences. Parent and child sequences refer to sequences that are supersets or subsets, respectively, of the query sequence. For example, a parent sequence for a transcript is the gene that the sequence is contained in, whereas the child sequences refer to the exons comprising the target transcript. The related sequences of the query sequence are provided for all annotation and genome versions stored in the UGAHash system. The public databases currently covered are listed in Table 1 . The relationships among these databases are summarized for genes (Table 3) , transcripts (Table 4 ) and exons ( Table 5) .
The search for UGAs is also provided from accession numbers of public databases stored in the UGAHash web tool. From the top page of the UGAHash web tool, click on the 'Search via Accession' tab ( Figure 6B ). Then, paste the list of accessions, which can be of a mixture of different accession IDs from various databases, official gene symbols, etc. Once the [Submit] button is pressed, the result will be displayed with the list of matching accession IDs in the corresponding public databases ( Figure 6E ). Each UGAHash is hyperlinked to its corresponding sequence record page ( Figure 6D ) as described in the previous paragraph.
One useful usage of the UGAHash web tool is that a user can upload the output of the popular RNA-seq analysis tool 'Cufflinks' to check the existences of annotated transcripts across various public databases. By doing so, the known transcripts can be separated from unknown, novel transcripts. We anticipate that through the usage of the UGAHash web tool; more efficient way to check for the existence of novel transcripts will be possible to avoid reporting of pseudo-novel transcripts to the scientific community.
Discussion
In this study, various public databases that include lncRNAs were surveyed to highlight the growing problems of version differences and the associated inconsistency in annotations of lncRNAs. This is especially problematic when RNA-seq analysis pipeline like Cufflinks outputs novel transcripts based on the annotations provided by the input GTF file. To complicate the matter more, maintaining consistent annotation of lncRNAs is hampered by the introduction of new databases on a nearly a monthly basis, and cross mapping to existing similar databases is rarely performed. This is especially dangerous for lncRNAs, as the rapidly increasing amount of RNA-seq data is likely to cause many changes within their annotations. Indeed, we have already seen with nearly every version of the ENSEMBL database, new annotations are being added and removed (Figure 1 ). Another problem is that the major reference annotations are being updated frequently compared with the smaller specialized databases, causing the reference versions curated by the small databases to be incongruent and often out of date. Indeed, the majority of these databases still use older genome assemblies (e.g. hg19), despite obvious benefits of using the new GRCh38 assembly for human [1] .
To solve the above problems, we introduced a new annotation system based on cryptographic hash functions called 'UGAHash'. Unlike other algorithms and annotation systems provided by public databases containing lncRNAs, UGAHash uses sequence coordinates instead of primary sequences, which results in much less computational costs. In addition, the types of sequence features described can be abstracted to nearly any genomic feature, including genes, transcripts, exons and even SNPs. It should be noted that there would be large amounts of change in UGAs, as reference annotations (e.g. GENCODE/ENSEMBL) are updated rather frequently. To solve this problem, the UGAHash web tool is created to keep track of various versions of annotations provided by public databases. Given that a de-centralized accession system for genomic features based on sequence positions does not exist in any other accession system or public database, it is difficult to compare UGAHash with other accession systems. Although we cannot compare the performance, major public databases for lncRNAs are included in the UGAHash web tool to comprehensively cover the current and past annotations of lncRNAs. To facilitate the further development of UGAHash web tool, it is open sourced under the MIT license, and its source code is provided at https://bitbucket.org/tweirick/ugahash. In conclusion, we hope that UGAHash could provide a solution to the existing problems of annotations and lead to discovery of truly novel transcripts via NGS. 
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